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Abstract 
Advancements in construction and chemical industry have paved a way for development of new curing 
techniques.Significant amount of research has been conducted to evaluate curing effectiveness and its effect on various 
concrete properties. This paper synthesizes findings from the literature review and experimental investigation carried out 
as per ASTM standards to evaluate the compressive strength of mortar cubes at 28 days, effect on strength with the 
application of different curing compounds and methods of structural grade mortar mixes with cement: sand ratio 1:2.75 
and varying water/binder ratio between 0.45to 0.60, using field sand, ASTM graded sand and OPC, finally comparing the 
results of compressive strength of different curing mechanisms.An effort has been made here, to understand the efficiency 
of curing methods adopted and are compared with conventional water curing. Results indicate that, using Membrane 
curing compounds, an efficiency of 80-90% can be achieved as compared to Conventional water Curing. 
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1. Introduction 
Curing is the name given to the procedures used for promoting the hydration of the cement, and consists of 
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a control of temperature and of moisture movement from and into the concrete. Curing allows continuous 
hydration of cement and consequently continuous gain in the strength, once curing stops strength gain of the 
concrete also stops. Proper moisture conditions are critical because the hydration of the cement virtually 
ceases when the relative humidity within the capillaries drops below 80% [1]. With insufficient water, the 
hydration will not proceed and the resulting concrete may not possess the desirable strength and 
impermeability. The continuous pore structure formed on the near surface may allow the ingress of 
deleterious agents and would cause various durability problems. Moreover due to early drying of the concrete 
micro-cracks or shrinkage cracks would develop on surface of the concrete [2]. When concrete is exposed to 
the environment evaporation of water takes place and loss of moisture will reduce the initial water cement 
ratio which will result in the incomplete hydration of the cement and hence lowering the quality of the 
concrete. Various factors such as wind velocity, relative humidity, atmospheric temperature, water cement 
ratio of the mix and type of the cement used in the mix will affect the curing of concrete. Evaporation in the 
initial stage leads to plastic shrinkage cracking and at the final stage of setting it leads to drying shrinkage 
cracking.   
Curing temperature is one of the major factors that affect the strength development rate. At elevated 
temperature ordinary concrete losses its strength due to the formation of the cracks between two thermally 
incompatible ingredients, cement paste and aggregates. When concrete is cured at high temperature normally 
develops higher early strength than concrete produced and cured at lower temperature, but strength is 
generally lowered at 28 days and later stage [3]. A uniform temperature should be maintained through the 
concrete section to avoid thermal cracking. Laboratory tests show that concrete in dry environment can lose as 
much as 50 percent of its potential strength compared to similar concrete that is moist cured. 
Curing of the concrete is also governed by the moist-curing period, longer the moist-curing period higher 
the strength of the concrete assuming that the hydration of the cement particles will go on. American Concrete 
Institute (ACI) Committee 301 recommends a minimum curing period corresponding to concrete attaining 70% 
of the specified compressive strength [4]. 
Curing has a strong influence on the properties of hardened concrete; proper curing will increase the 
durability, strength, volume stability, abrasion resistance, impermeability and resistance to freezing and 
thawing. 
“Curing techniques and curing duration significantly affects curing efficiency” Various degree of 
efficiency can be achieved by various in situ-curing methods. The effectiveness of the concrete curing method 
depends on the material used, method of construction and the intended use of the hardened concrete. 
Techniques used in concrete curing are mainly divided into two groups namely, Water adding techniques and 
Water- retraining techniques. Reliability and effectiveness of such curing methods are still under debate. 
Classification of membrane forming curing compounds as per ASTM C309-11 [5] 
The following types of liquid membrane-forming compounds are included: 
z Type 1—clear 
z Type 1-D—clear or translucent with fugitive dye 
z Type 2—white pigmented 
z Class A—no restrictions 
z Class B—resin-based compositions 
2. Materials and methods 
2.1. Materials 
OPC 53 grade cement was used as binder throughout the laboratory investigation program. The cement 
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procured were tested for physical properties in accordance with IS: 4031-1988 [6] and IS: 12269-1987 [7] and 
are presented in Table 1 and chemical properties of the cement are presented in Table 2. Fine aggregate used 
were locally sourced natural river sand (Sabarmati River sand, Gujarat, India) the physical properties shown 
in the Table 3 is determined in accordance with IS: 2386-1963 [8]. ASTM standard sand was used according 
to ASTM C33-11 [9].Normal tap water was used for mortar mixing. 
Table 1.Physical properties of Ordinary Portland Cement type-1 
Property Test Results OPC 
Normal consistency (%) 
Specific gravity 
Initial and final setting time 
Fineness (%) 
35 
3.15 
40 and 150 min 
8 
Table 2.Chemical composition of Ordinary Portland Cement  
Constitute OPC (wt.  %) Constitute OPC (wt. %) 
Lime (Cao) 64.64 (C3S) 52.82 
Silica (Sio2) 21.28 (C2S) 21.45 
Alumina (Al2O3) 5.6 (C3A) 9.16 
Iron Oxide (Fe2O3) 3.36 (C4AF) 10.2 
Magnesia (MgO) 2.06 Loss on ignition 0.64 
Sulphur Trioxide (SO3) 2.14 Lime saturation factor 0.92 
Nitrous Oxide (N2O) 0.0   
Table 3. Physical properties of fine aggregates 
Property Test Results OPC 
Porosity (%) 
Specific gravity 
Void ratio 
Fineness modulus  
42.8 
2.604 
0.75 
2.99 
2.2. Mix proportions and mixing methods 
The mortar used consists of 1 part cement and 2.75 parts of sand proportioned by mass. Water content for 
cement is that sufficient to obtain a flow of 110 ± 5 in 25 drops of the flow table as per ASTM C 109-11 [10] 
Water cement ratio of 0.45, 0.50, 0.55, 0.60 was selected for ascertaining efficiency of curing compound. The 
cubes were cured one day in the moulds, unmolded and immersed in water until 28 days. Cubes were tested 
after curing. Curing by air, saturated wet covering, gunny bag curing and curing by curing compound was 
carried out. Curing by compounds was performed by application of curing compound by means of paint brush 
on all 6 side of the cube. 
2.2.1. Method of curing: 
z Air curing: Air curing is a curing method wherein the concrete cubes are left in open air to be cured at 
room temperature until 28 days tested. 
z Water curing: Specimen were cured in water tank at room temperature and tested at 28 days after curing. 
z Saturated wet covering: This method is most often used curing method in the construction industry. In this 
method moisture retaining fabrics such as burlap cotton mats, gunny bag and rugs are used as wet 
covering to keep the concrete in a wet condition during the curing period, Gunny bag was selected to 
cover the cube and tested at 28 days after curing. 
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z Curing compound: Various types of curing compound are available in the market, mainly includes water-
based, resin-solvent based, chlorinated rubber, wax based etc. Water based curing compound is most used 
curing compound world-wide [11]. These compounds are applied on the exposed surface of the concrete 
by the help of roller, brush or spray. Total 7 compounds, 1 acrylic based (PVA), 1 clear resin based, 2 
water based and 3 wax based curing compounds were selected for curing and then tested at 28 days.. 
These compounds were collected from different company like BASF, FOSROC, VARDHAMAN, 
PARDYUMAN and ESSEN. 
2.2.2 Test method: 
Rheological properties of the mortar mixes were investigated in term of mix slump determined in 
accordance to procedures prescribed in ASTM C109-11. Besides, flow test was performed in accordance to 
procedures in ASTM C230/C230M-11 [12] and ASTM C109/C109M-11 to determine flow value of each mix 
in fresh state. From each batch of mix, a total of 12 numbers of 7.06X7.06X7.06 cm cubes were casted in 
accordance to the procedure in ASTM C109/C109M-11, total 320 cubes were casted during entire experiment 
process. Mortar mix were cured in the mould for 24 h and after remoulding, cured in water tank at curing 
temperature of 20±2°C till age of test as recommended in ASTM C109/C109M-11. 
3. Results 
Drying time, coverage area, density and reflectance of membrane forming curing compounds were found 
out using laboratory tests and results are illustrated in Table 4. According to ASTM C- 156-11 [13] 
reflectance of white pigmented curing compounds should not be less than 60% with reference to magnesium 
oxide for particular curing compounds. Drying time should not be more than 4 hours and also density of 
curing compounds as per ASTM D1475-98 [14] should not exceed 1gm/cc. Polyvinyl acrylic (PVA) based 
curing compounds do not have any reflectance value because it is clear transparent in nature. Reflectance 
value can be measured only for white pigmented compounds. Reflectance value is always taken with 
reference to magnesium oxide (MgO). Water retention test was also carried out in accordance with ASTM 
C156-11 and the results are illustrated in Table 5. 
Table 4.Properties of the curing compounds 
Compounds 
Type of 
Compound 
ASTM C309 
Colour Reflectance 
Drying 
time 
(min) 
Density 
(gm./cc) 
Coverage 
area (m²/lit) 
Appearance after  
application 
Water based 
(FOSROC) Type2 class B Transparent - 35  0.95 3.5  Transparent 
Water based 
(VARDHAMAN) Type2 class B White 72.0 20  1.05 2.32  White 
Wax based 
(ESSEN) Type 2 class A White 78.4 47  0.95 5  Transparent 
PVA  based  
(BASF) Type 1 class B Transparent  - 80  0.79 4.5 Transparent 
Clear coat 
(PRADYUMAN) Type 1-D Transparent - 65  0.95 3.5  Transparent 
Wax based 
(PRADYUMAN) Type 2 class A White 72 40  0.85 4 White 
Wax based 
(FOSROC) Type 2 class A White 79.8 25  1.18 5.5  Transparent 
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Table 5. Non-volatile content and water loss of curing compounds 
Compounds Non-volatile content (%) 
Water loss (kg/m²) 
(Field sand) 
Water loss (kg/m²) 
(ASTM sand) 
Water based (FOSROC) 14.43 1.83 0.53 
Water based(VARDHAMAN) 8.73 2.13 1.68 
Wax based (ESSEN) 9.03 0.569 0.515 
PVA  based  (BASF) 18.08 0.59 0.45 
Clear coat (PRADYUMAN) 13.39 1.53 0.496 
Wax based (PRADYUMAN) 8.29 0.559 0.44 
Wax based(FOSROC) 17.34 2.08 1.53 
 
 
Fig. 1.Water retention test 
From the Fig. 1, it is observed that water retention ability of cement mortar prepared by using field sand 
(Sabarmati River, Gujarat, India) is less than that of cement mortar prepared using ASTM graded sand. As per 
ASTM C 156-11 water loss should not be more than 0.55 kg/m². Water based (VARDHAMAN) and wax 
based (FOSROC) have water loss value greater than 0.55 kg/m². 
Table 6.Average Compressive strength of the Cement Mortar cubes after 28 days of curing 
w/c Ratio 0.45 0.50 0.55 0.60 0.45 0.50 0.55 0.60 
Curing Methods Compressive strength of cement mortar using 
ASTM sand (MPa) 
Compressive strength of cement mortar using field 
sand (MPa) 
Water immersion 50.5 53.55 50.8 49.65 41.8 37.7 36 33.22 
Wet covering 47.19 49.9 47.7 46.89 40.69 35.6 32.5 32 
Air curing 38.89 41.15 39.5 38 30.5 24.8 27 23.1 
Water based 
(FOSROC) 
41.5 46.5 43.5 42 33.5 30 28.5 27.33 
Water based 
(VARDHAMAN) 
39 42.32 40.32 39.5 31 27 27.22 24 
Wax based 
(ESSEN) 
43.82 46.88 43.78 43.5 34.93 30.46 29.46 27.87 
PVA  based 
(BASF) 
43.78 47 44.89 44.33 35.11 33.3 30.24 29.8 
Clear coat 
(PRADYUMAN) 
42 46 43.5 42.63 32.35 28 28 29.14 
Wax based 
(PRADYUMAN) 
44.8 47.2 45 43 36.7 32.8 30.33 30.61 
Wax 
based(FOSROC) 
40 41.5 40.5 39 32 27.89 28.24 26.6 
Water based
(FOSROC)
Water based
(VARDHAMAN)
Wax based
(ESSEN)
PVA based
(BASF)
Clear coat
(PRADYUMAN)
Wax based
(PRADYUMAN)
Wax based
(FOSROC)
Field Sand 1.83 2.13 0.569 0.59 1.53 0.559 2.08
ASTM Sand 0.53 1.68 0.515 0.45 0.496 0.44 1.53
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From the Table6 it is observed that Compressive strength at 28 days by using water immersion and wet 
covering method is normally higher than that obtained by membrane forming curing compounds. Air curing 
method has lowest compressive strength at 28 days for different w/c ratio. It is also observed that wax based 
(PRADYUMAN) and PVA based (BASF) has highest compressive strength while Water based 
(VARDHAMAN) and wax based (FOSROC) has lowest compressive strength at 28 days 
 
Fig. 2.Compressive strength of Cement Mortar cube casted with w/c ratio of 0.45 
 
Fig. 3.Compressive strength of Cement Mortar cube casted with w/c ratio of 0.50 
 
Fig. 4.Compressive strength of Cement Mortar cube casted with w/c ratio of 0.55 
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Fig. 5. Compressive strength of Cement Mortar cube casted with w/c ratio of 0.60 
From the Fig. 2,3,4,5, it is observed that compressive strength of cement mortar cube prepared by using 
ASTM graded sand is higher than that of cement mortar cubes prepared by using field sand (Sabarmati River 
sand, Gujarat, India). 
4. Conclusion  
From the compounds tested for various tests, it can be concluded that PVA based compound (BASF) and 
wax based compound (Pradyuman Chemicals and Intermediates) are the ones qualifying for all tests. 
The suitability of Indian sand (Indian raw material for concrete) to be used for testing of curing compounds 
as per ASTM standards is highly questionable. In fact, it is evident from the results that it is not suitable.  The 
results obtained (Water Loss) justify the statement.  As observed from the results, almost all compounds, 
when tested using Indian Raw materials, fail as compared to the standard ASTM materials adopted for testing 
of curing compounds. 
In India we do not have any IS provisions for testing of curing compounds, however while testing of curing 
compounds, we ascertain the suitability as per American standard testing methods and materials. It may be 
noted that while testing we are using ASTM materials, whereas in actual practice, material is of Indian origin 
are used, which do not yield acceptable results. 
Using membrane curing and saturated wet covering, one can achieve 80 to 90% efficiency (in terms of 
compressive strength) as compared to conventional water immersion method. Saturated wet covering is 
suitable for pavement structure but not suitable for vertical structures or high rise structures. Dry-Air curing 
should be avoided in construction, because desired strength cannot be achieved by this method. Membrane 
curing is a practical and widely used curing method suitable in water scarce areas. From strength point of 
view, PVA based (BASF) and wax Based (Pradyuman Chemicals and Intermediates) have comparatively 
higher strengths than any other compound. Even among these two, wax based compound yields higher 
strength than PVA based. 
Higher strength is the outcome of low water loss obtained using respective compound. As depicted from 
the test results, lower the water loss, more efficient is the curing and higher is the strength of the compound. 
There is a major difference in strength of mortar prepared by ASTM material and mortar prepared by 
regular Indian field material. The flow required for preparation of mortar as per the ASTM standards (35±5, 
in ten blows of standard flow table) can never be achieved using Indian cement; this is due to the difference in 
fineness of cement. The Cement available in USA is much finer than the cement manufactured in India.  To 
get the required flow of mortar using less fine cement, we add lime sweetener (manufactured by BASF) in a 
quantity of 5 to 6 % by weight of cement.  
The curing compounds may be used, but taking due care that there is no adulteration and malpractice on 
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site. It may be noted that adulteration leads to inefficient compound. However it can be detected prior to use 
by following simple sampling techniques mentioned in ASTM 691-11. 
The water retention test for membrane curing compound is suitable only for ASTM specified material 
especially ASTM graded sand. As from the observations it is clear that all samples prepared by using Indian 
field material have failed in controlling water loss below 0.55 kg/m². 
The permissible density for any membrane curing compound as per ASTM D1475-98 should be less than 1 
gm/cm3. However it is observed that membrane curing compound having density greater than 1gm/cm3 have 
failed in both, by using ASTM sand as well as using field sand (Sabarmati River sand, Gujarat, India). 
For curing compounds high reflectance is desirable, as more sunlight can be reflected back.  This leads to 
minimum evaporation of water and hence complete curing of the material can be ascertained, thereby giving 
ample strength to the cured members. 
Although here specifications are followed as per ASTM C309-11, which states that, the water loss must be 
less than 0.55 kg/m2, at the same time ASTM C1315 [15] states that the water loss must be less than 0.40 
kg/m2.  Both these statements are contradictory. 
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